Abstract: Using the pure spinor formalism, we compute the tree-level correlation functions for three strings, one closed and two open, in N = 1 D = 10 superspace. Expanding the superfields in components, the respective terms of the effective action for the type I supergravity are obtained. All terms found agree with the effective action known in the literature. This result gives one more consistency test for the pure spinor formalism.
Introduction
The covariant quantization of superstring theory has been an unresolved problem for a long time. The covariant quantization, besides having manifest supersymmetry, makes the computation of scattering amplitudes easier. This is important for understanding the low energy limit of superstrings, through the construction of effective actions corresponding to such amplitudes. In order to solve the problem of manifest covariant quantization, a new formalism, known as pure spinors formalism, was proposed [1] . This new formalism keeps all the good properties of Ramond-Neveu-Schwarz and Green-Schwarz and does not have its undesired characteristics. In the Ramond-Neveu-Schwarz formalism, when the number of loops in computations of scattering amplitudes are increased, more and more spin structures have to be considered which makes the computations very long. On the other hand, in the Green-Schwarz formalism the quantization is only possible in the light-cone gauge and the amplitude computations involve non-covariant operators at the interaction points.
The complete equivalence between the pure spinor formalism and other formalisms is missing. Until this point is reached, the formalism needs to pass many consistency tests. One of these tests consists of computing scattering amplitudes and comparing the results with those coming from other formalisms. These tests have been carried out for amplitudes involving closed superstrings at one loop [2] and two loops [3] , among others. Interestingly, amplitudes involving mixed superstrings have not been considered in the literature. One important point is the fact that in pure spinor formalism the amplitudes have explicit super-Poincaré symmetry, making the results automatically supersymmetric since the beginning.
From the viewpoint of field theory, the effective action for the type I supergravity is obtained from the global super Yang-Mills action by imposing local supersymmetry, which originates many compensation terms [4] that are interpreted as interaction terms. From the viewpoint of superstrings, all these interaction terms must come out naturally from amplitude computations. The interaction terms of the type I supergravity effective action have some interesting properties. A very peculiar one is the fact that there is a coupling between the Kalb-Ramond and two photons. This term is needed to obtain local supersymmetry. In order to keep gauge invariance, the Kalb-Ramond field must have a unusual transformation under U(1) symmetry. This coupling will become very important for the mixed anomaly cancelation in the SO(32) theory.
As pointed above, all these terms must come naturally from superstring theory. However, as they involve gravitational and Yang-Mills fields, amplitudes with open and closed strings have to be considered. In this work, we will show that these terms can be obtained from the pure spinor formalism. In string theory, the effective action can be obtained considering the scattering amplitudes or correlation functions of three points given by
where the Vs above represent the physical states and are called vertex operators. For the mixed scatterings, we must use the upper-half complex plane. The closed string is represented by a point in the interior of the plane, while the open strings, by points in the real axis. The number of conformal Killing vectors in this case is three, and the number of moduli is zero. This makes it possible to fix the positions of the closed string and of one of the open strings, obtaining
In the last equation, V 1 represents the fixed closed string, V 2 represents the fixed open string and U 3 , the integrated open string.
In the second section of this paper, we give the expression for the type I supergravity effective action and its respective linearized action. This will be compared with the expression obtained from the pure spinor formalism. In the third section, the prescription for amplitudes in pure spinor formalism will be briefly summarized, and an expression for the computation of one closed and two open strings will be given. Using superspace identities, a simple expression will be found following identical steps of [5] . This expression is given by
where the superfields in the closed string vertex operator V 1 have been written as the product of two open string superfields.
It is important to note that this expression is manifestly super-Poincaré covariant and that all the amplitudes involving one closed and two open massless strings are contained in it. This shows one of the advantages of the pure spinor formalism. It will be also shown, in appendix B, that this expression has all the gauge invariances.
In the fourth section, with this simple expression, the superfields will be expanded in components, and explicit results will be given for all the correlation functions from which the effective action can be obtained. All cases will be considered with some details, except the case of one gravitino, one photon and one photino, which will be left for appendix D.
In appendix A, some useful identities will be given, and in appendix C, the correlation function for graviton-photon-photon will be considered in the Ramond-Neveu-Schwarz formalism for matter of comparison with pure spinor formalism.
Type I supergravity effective action
As said before, the Type I effective action can be obtained by imposing local supersymmetry in the Super-Maxwell action and is given by [ 
In order to go to the String Frame, we make the field redefinitions
where ω = (Φ 0 − Φ)/4. We obtain the following Lagrangian
In the last equation, ψ is the gravitino, λ is the dilatino, ξ is the photino and we use the standard notation for the bosonic fields. The coupling between the Kalb-Ramond field and the photon comes from H ′mnp , which is defined as
In the low energy limit, we need only the linearized Lagrangian. The usual procedure is to make
In order to simplify some terms, we use the identities
Regarding only the terms related to the two open and one closed string amplitudes, we obtain
The indices here are raised with η. Attention is required in considering the dilaton contribution coming from the expansion of the metric determinant, because
and the trace of h mn is related to the dilaton. 
where λ is a pure spinor satisfying
The BRST operator is given by
The physical state condition gives us the equations of motion
where
and A m is a vector superfield. The integrated vertex operator for the open string is
where A α , A m and d α are defined above and W α and F mn are field strengths given by
being N mn the Lorentz generators for the ghosts λ, given by
When necessary, the superfields will be expanded in components.The vertex operator for the closed string is given by the product of two open string operators (λ α A α ) λ αĀ α . Then, we have for the amplitude [1] 
A way to simplify an expression similar to this is given in ( [5] ). We must show here that the same expression is valid in the case of mixed string amplitudes following the same steps. First of all we must note that the first term of the integrated operator has null OPE with the other vertex operators. After this, we get
We also have that the OPE of any vertex operator with A 2 (y 2 ) will have null result by fixing y 2 ⇀ ∞ . For the next term, we need the standard OPE
where in the above expression a contour integral gives a null result. Them only the two last terms contribute
For the next term, we must use the OPE
and we arrive in
Fixing z = ia in the last equation and solving the integrals we get
After solving the OPEs, we just have zero modes and there is no difference between holomorphic and antiholomorphic terms, i.e.,
where the symbol ∼ above of A 1 is to emphasize that the momenta are equal but the polarizations are different. Now, using the equations of motion (3.2)
we obtain
Using the fact that an exact BRST term decouples, we obtain
and using
we arrive in
For the last term of the expression (3.4), we have
where we have used the OPE
Fixing above y 2 = ∞ and z = ia, we get
Adding the results (3.6) and (3.7), we finally obtain
Although the starting expression (3.3) has gauge invariance, we left the proof to appendix B. At this point, we must expand the superfields in components and use the measure
in order to find the contribution of each component. The superfield expansion is given by
These expressions will be used in computations in the next section.
Correlation functions in components

One graviton/dilaton and two photons
As explained in the previous section, the vertex operator for closed strings can be written as the product of the vertex operators of open strings. First of all, we need to identify the NS-NS contribution in this product. From our final expression (3.8), the closed string contribution is given by
Using the superfield expansion, we have the following result for the NS-NS contribution
We must be careful here to identify the NS-NS field, for when we write the closed string as the product of two open strings, each part must carry half of the momentum. For example
From this, we can see that, like in Ramond-Neveu-Schwarz, only the symmetric part of the NS-NS sector contributes. Its traceless part is identified with the graviton. We will see later how the two form will come from the RR sector. Now, making the identification
we obtain the graviton contribution
After the identification of the NS-NS contribution, we must go back to the expression (3.8) and consider only the photon contribution from (3.10) to obtain
As we know from eq. (3.9), only terms with five thetas contribute to the amplitude. Then, we have
In order to solve the above expression, we need to use the identity (6.4) and successive times the identities (6.1) and (6.2) described in appendix A. Solving term by term with the help of the GAMMA package [8] we obtain
In a similar way, we can obtain the second term
The third one is given by
and the fourth is
Adding all terms, we obtain
In the gauge k m h mn = 0, the relation h
is valid [6] , and we finally get
Comparing this last expression with (2.1), we see that up to a overall factor we have the right result.
One graviton/dilaton and two photinos
From the pure spinor viewpoint, we need the graviton and the photino contribution to the vertex operators which are respectively given by (4.2) and (3.10). We then obtain
In the expression above, we have four terms with five thetas given by
Using now the identity .
Therefore the first term gives
Using now the identities (6.5),(6.6) ,(6.7) and successive times the identities (6.1), (6.2) and (6.3), we obtain that only the first term contributes
The next term in (4.5) is
Following the same steps described above, we obtain for the second term
For the third term we get
which has null result. In fact, there is no way to contract a kinetic term for the graviton with two photinos giving a non null result and
For the last term we have
which is also null for the same reason as before. Finally, adding all terms we obtain
In this case the correlation of one dilaton and of two photinos gives a null result using the photino's equation of motion. The amplitude above is proportional to the respective term in the effective action (2.1), with the same overall factor of the eq.(4.3).
One gravitino/dilatino, one photon and one photino
In the pure spinor computation, we need the gravitino contribution for the vertex operator. This is given by
Then we havẽ
Using the identification
and being careful with the terms with derivatives, we obtain
Now, we go back to the general expression (3.8) and consider the contribution of the photon to one of the open strings and the photino to the other. We obtain
There will be ten terms with five thetas and, as we have two fermions, we also need to expand them using the identity (4.6) to obtain a total of thirty terms. The details are described in appendix D, and the result is given by
Again, we get that this is proportional to the respective term of the effective action (2.1) with the right overall factor. Note that, as in all other terms, this amplitude is symmetric by the exchange of the two open strings. The dilatino-photino-photon correlation can be found by this shortcut. We must take the photon contribution from the fixed operator and the photino from the integrated one. Using the fact that the amplitude is symmetric by this exchange, we obviously obtain the right result. We then have
which agree with the desired result.
Kalb-Ramond and two photons
In the type I superstring, the two form does not come from the NS-NS sector, as shown before. In fact the two form comes from the RR sector and only appears as a field strength. The RR contribution to the closed string vertex operator comes from
Making the identificationξ
we have only one contribution given by
The other terms have five thetas and do not contribute to the amplitude. We have then
We see that there is just one contribution given by
Using now the identity (4.6), the RR field can be expanded
In the type I superstring the term that survives is the three-form, and we obtain
In order to solve this term we must use the identities (6.4), (6.6) and successive applications of the identities (6.1), (6.2) and (6.3). The result is
and it is proportional to the expression (2.1), as desired. This term is very important because it gives origin to a coupling which will cancel the mixed anomaly of SO(32) type I superstring.
Kalb-Ramond and two photinos
The RR contribution to the closed string is given by (4.8), and we have the amplitude
The unique term which has five thetas in the last equation is the following
We use here the identity (4.6) two times and the identities of the appendix A in order to obtain
and this is the right coupling, proportional to eq. (2.1).
Conclusions
In this work we have computed explicitly all correlation functions involving one closed and two open strings in the pure spinor formalism. Comparing with the effective action for the type I supergravity we came to the conclusion that the pure spinor formalism survives one more consistency test and most of the couplings of the effective action were derived here. The mixed string sector of pure spinor has not previously been considered in the literature and there is a lot of research yet to be done. The problems considered here are just the beginning. Higher point amplitudes can be considered and loop corrections to type I supergravity have not been computed from the pure spinor viewpoint. As discussed in this paper, the pure spinor formalism gives the right coupling between the Kalb-Ramond field and other gauge fields, a result of particular importance in the mixed anomaly cancellation. At tree level, diagrams in which a two form is exchanged between two gauge fields on one side and four on the other side have to be considered for this cancellation. Therefore, a first step may be the computation of the tree-level five point amplitudes involving a Kalb-Ramond field and four gauge bosons. This last idea is left here for future investigations.
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Appendix A: Some important identities
During the computations made in this paper, we use extensively the following identities [7] :
Any other term can be reduced to these above using the identities
7. Appendix B: Gauge invariance
The expression (3.8) must be invariant under all gauge transformations. The first is given by δ λA 2 = QΛ and the variation of the first term in (3.8) is
In the above expression, we have used the pure spinor condition (3.1) and the Fierz identity
The variation of the second term is
again we have used the pure spinor condition and the Fierz identity. Adding the results we obtain
The other gauge transformation is given by
and we obtain
For the second term
and finally δS = δS 1 + δS 2 = 0.
Using identical arguments as above we obtain the invariance under δλÃ = QΛ.
Therefore, as expected, the final expression is in fact gauge invariant.
8. Appendix C: The one graviton two photons correlation function in Ramond-Neveu-Schwarz formalism
In the Ramond-Neveu-Schwarz case two of the vertex operators must be in the picture −1 and one in the picture 0. Choosing the closed string in the picture 0, we obtain
In this section, we follow the notation used in ( [6] ).The fixed open string operator in the -1 picture is given by The OPEs between the X µ fields will be needed for all cases and it is given by : is a constant coming from functional determinants. Using momentum conservation we obtain k 1σ η µα η σβ a 2α a 3β (z − y 2 ) (z − y 3 ) − k 1σ η µβ η σα a 2α a 3β (z − y 2 ) (z − y 3 ) + iα ′ 2 h µν + iα′ y 2 − z k µ 2 + ik µ 3 α′ y 3 − z k 1ρ η να η ρβ a 2α a 3β (z − y 2 ) (z − y 3 ) − k 1ρ η νβ η ρα a 2α a 3β (z − y 2 ) (z − y 3 ) }.
The contribution of the functional determinants can be found in [6] and it is given by
As in the pure spinor case, we fix y 2 = 0; Re(z) = 0; Im(z) = a to obtain
